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The invention relates to novel recombinant glycoproteins Wiatact as messenger 
substances, signatfng substances, promoters, stimulators and initiators In a 

2 d multitude of ways in lh animal, especially human, circulation system; 

Jo processes for th^ir preparation, to pharmaceutical compositions containing 
them and to their uses. The invention in particular relates to new recomfcinanf 
human glycoproteins (rh glycoproteins), preferably novel rti dtferentiafan fac- 
tors, especially rh erythropoietin; to novel rh growth factors, especially rh CSF 
25 (cotoynetlmulating-factof), rti GMCSP (granulacytes-monocyteEj-stimulating 
factor); to novel rh thrombolytic agente. especially rh tPA (tissue^lasmmogerv 
activator) and rh urolcinase; to hovel rh thrornboprophyladic agents, especially 
rh aatithrombin III; 1o novel rh coagulation factors, especially rh factor VI1I and 
Th facto? IX; to novel rh interferons, especially rh a-. G- and y-lnterferonfi; and to 

3 d novel rh tnterteuWns, especially rh IL-15. IL-16 and !H7; to processes for 

their preparation; to novel pharmaceutical compositions containing them and to 
the uses thereof. 

Glycoproteins are proteins containing oovatenfly-toond carbohydrates {sugars), 
3 s Glycoproteins, especially human glycoproteins, act as messenger su bstances, 
signaling substances, promoters, stimulators and Initiators in metabolic pro- 
cesses of animals and human betngs, which directly oc indirtjdly influence the- 
se metabolic processes. Usually they are formed in vivo in the body or biosyn- 

*TT4CHMENT A 
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thetically and, after having. fulfilled their specific function, they ana again exci- 
ted thereof or broken down therein The glycoproteins having been formed in a 
natural way withrn the body (so caJled "native glycoproteins*) are characterized 
in that they are substituted at fihe amine group of fJie ammoglycan radical by an 
acetyl group. These native glycoproteins formed fn a natural manner In vivo or 
by biosynthesis (see German patent 4 31 1 580) in human and animal are ef- 
fective means for stimulating the growth and the differentiation of human and 
animal cells of the immune system and for inhibiting the adhesion of leuco- 
cytes, thrombocytes and tumor cells at the endothelial cells of blood vessel?; 
for stimulating the Immune system, especially the T-4ymphocyfeS, for defense * 
against infection, for treating immune deficiencies, tumor diseases including 
mefastasing processes, Infectious diseases and circulatory collapse, especially 
occlusions of vessels and septicemia; for inhibiting the bonding or a ligand at its 
sialylated cell surface receptor to a host cell; for Inhibiting the bonding of a 
microphage or a toxin to Hie host oeK via a s3alylafed receptor by an In vivo- 
modulation of neuraminic adds; for the brosynlhetlc preparation of Ifcands or 
receptors having a modified neuraminic acid radical end for the use thereof for 
the competition of physiological or pathological tigand-receptor-interactioa; for 
influencing in vitro the'course of infection by human immunodeficiency viruses 
as well as the In vivo-prev^nMon of an infection by human Immunodeficiency 
viruses; and tor the treatment of parasitic diseases. 

The glycoproteins oocuring In aaimaf organisms are important components of 
cefl membranes es v/efl as sofubie components of body fluids and of the ex- 
tracellular matrix. The carbohydrates are linked to foflm chains 
(oligosaccharides) and they can be Imted to flie protein backbone in different 
ways. As important components of the cell membrane they contain sialic acfd 
(derivatives of 2-ketO-3-deoxy-D-gl>'cero-D-galactD-nonulopyranosidonic acid 
(KDN)), which plays an -Important tola in biological processes. 

The oligosaccharides of glycoproteins are classified according fco their mode of 
linkage to the protein. The oligosaccharide of thioacidgiyenproteins are mostly 
bound N-glyeosidieally to an asparagine radical of the polypeptide chain (N- 
glycans). This group comprises dissected glycoproteins having different functi- 
ons, e,g. soluble enzymes, immunoglobulins and hormones on the one hand, 
and membrane glycoproteins,' e.g. i membrane enzymes, transport proteins as 
well as receptor proteins On the other hand- A further group are the oligosac- 
charides which are bourid O-glycosidicaJly via a gatetose, N-scetyl- 
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gatactos amine or xylose radical to a serine- or threonine radical of the polypep- 
tide chain (O-gtycans). They tfccur together with N-glycans also in immunoglo- 
bulins and other Glycoproteins, The 0-g1ycans also comprise the oligosacchari- 
des of proteoglycans which are characterized by a particularly high proportion 
s of carbohydrates. In these glycoconjugates occuring in the extracellular matrix 
Ihe oligo$accharide$ can be bound vis a galactose, N^cetylgalactosamine pr 
xylose radical to a polypeptide backbone. 

The glycoproteins consisting of monosaccharides and protein often are sum- 
10 rriarlzed with the glyodfpidsas glycoconjiigates. The sugar component of the 
glycoproteins comprising/withe few exceptions, less than 50 % of the total gly- 
coproteins are KnKed via splittable O or N^lyccsidic bonds to the pe-pflde part. 
As carbohydrates ia Ihe glycoproteins hexoses (galactose, rnsmnase, mora sel- 
dom glucose). N-acetylhexosa mines, N^cety1neurttminTcacic\ fucose and 
x 5 others can he found < For i identification and delermin alio n of the g lycoprctei ns 
mainly affinity chromatography using plant lectin* as ligands (e.g. concanavaUn 
A. wheat germ agglutinins and others) is suited. 

Almost a 13 membrane glycoproteins, serum proteins, plasma proteins, and 
20 bfood group substances are glycoproteins as are many enzymes and protoo- 
hormones, all antibodies the chalones. mucins, lectins, bindins, flbronectins, 
the intrinsic factor and similar protems. As membrane or cell surface proteins 
some glycoproteins play an important role in the pathogenicity of virus es* In this 
case, as in other receptor^specific cellular interactions, the carbohydrate com- 
25 ponents are responsible for the recognition process at the molecular level. So- 
me bacterta an d viruses adhere to their target cells via specific sugar structures . 
on receptors. 

Oligosaccharide structures are particularly important also In view of cell-ceH 
30 and cell-matrix interactions. Thus, the oligosaccharides of glycoproteins media- 
te the adhesion of neuronal cells and the bonding of lymphocytes Co specific 
endothelial cells. Furthermore, oligosaccharides can serve as the antigenic 
determinants of glycoproteins. Also during ernbrybgertesrs and oiganogenesis, 
carbohydrate-caraohydrate interactions are essential to specific cell reoognfti- 
25 on. The malignant transformation of celte is accompanied by characteristic 
changes in the oligosaccharide structures of glycoproteins. The extant to which 
altered oligosaccharide structures of membrane and Intercehular glycoproteins 
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of tumor cells are the causa or result of tumorigenesi& and metastasis « not 
known until yet. 

For Ifie treatment of diseases related to the immune system, substances have 
5 to be administered that reinforce the immune respond by stimulating the cells 
of the immune system. The search for active substances that stimulate the fcm~ 
muno system Is therefore a preferred goal of pharmacological research. Active 
immunstirnulanls having mintmal side effects, however, ara not known until yet 

i o Therefore, the object of the invention was to find new substances by means of 
which \\ is possible to influence the metabolic processes controlled by glycopro- 
teins as messenger substances, signaling substances, promoters, stimulators 
and initiators, more effectively, more specificalfy and more selectively than until 
today. If was m particular the object of Iho invention to find such novel gtycopro- 

15 telns acting as messenger substances, signating substances, promoters, stimu- 
lators and initiators in human and animal metabolism and wttch can be edmi- 
; niste red In lower doses a nd therefore have lower side effects than the corre- 
sponding native substances. 

20' Wow it he$ been found that this object can be achieved according lo the 
present invention by novel glycoproteins which are different from the above- 
mentioned native glycoproteins In that the naturally occurring acetyl substitution 
in the aminoglycan radical ist repaoed by other acyl groups, in particular by a 
{C3-C7)-acyl group or a hydrocarbyl group, especially a (CjrCjJ-alkyl, -alkenyl or 

25 -alkinyi group. In fact, It has been shown that the thus obtained novel compo- 
unds exhibft an altered. In particular a longer, pharmacokinetics, compared with 
the biological half-life time of (he corresponding already known and commer- 
cially available native glycoproteins having an N-acetyl group in their eminogly- 
can radical. These novel glycoproteins can be prepared fn a manner as descrf- 

30 bed below, in particular by genetic engineering where recombinant glycopro- 
teins, especially recombinant human glycoproteins (rh glycoproteins) are ob- 
tained. 

Due to their altered, especially longer, pharmattkineBcs Ibesc substances can 
35 be used in substantially lower doses which result m substantially reduoed un- 
desired side effects compared wllhJthose found by using the corresponding 
native substances. This applies in particular when the novel glycoproteins are 
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u&gd m a form whteh is mono- or poly-acylated, preferably <icelyf3ted r at the 
OH gitiups of the monosaccharide part. 

Subject-rtiatter of the present invention are according to a first aspe-ct novel 
5 reoornbinanta glycoproteins, especially rskomolnam human glycoproteins (rh 
sfycoprotelns) having the generaf formula (5) 




wherein: 

2 o R'i is a linear or cyclic, unbranched or branched, optionally /nana- or poly- 
hydroxyfated and/or 4etylated (Cj-C^acyl radical, in ps rttoul ar (C a *C 7 ). 
alkanoyl radical, era linear or cyclic, unbranched or branched, optionally 
mono- prpolyhydroxyteted and/or -tested {Ci-Cr^ydrararbyl radicar, 
in particular (Ca-Cy)-a!kyi r -alkenyl or -alkinyf radical; 

R2. R3. *4 and Rg, which can be 1Kb same or different, each are hydrogen, a 
Jmcaror branched gfcyj radical having 1 to 20 carbon atoms {C^H^i' 
n = 1 to 20): a Imearor branched afkenyl radical having 3 tn 20 carbon 
atoms (C n H^; n ^ 3 to 20, the position of the double bond at C n is at n 
35. =<2 to 19); a linear ar branched a u<jny| radical having 3 to 20 carbon 

atoms (C n H2n-2» r> = 3 to 20« the position of the triple bond at C n is at n 
= 2 to 19); an alkenyt or alklnyl radical having 2 or mare double bonds 
and triple bonds, respectively, end having 4 to 20 carbon atans; an aryl 
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radical having 6 to 20 carbon atoms; a linear or hunched, saturated or 
mono- or poly-unseturated acyl radical (-CO-R-|} having in total 1 to 20 
carbon atoms, including the mono- or poly-hydroxylated analogues the- 
reof; an aroyl radical having 6 to 20 carbon atoms; a carbonylarnide ra- 
s dical of formula -CONH2or -CONHR1: a linear or branched, saturated or 

mono- or polyunsaturated thioacyl radical (*CS-Ri) having in total 1 to 
20 carbon atoms: or a fhiocafc amide radical of formula -CS-NH2 or -CS~ 
NHRt; 

where each represents hydrogen, a linear or branched, saturated or 
io mono^ or polyunsaturated alkyl radical having 1 to 20 carbon atoms and 

where each of the above-motioned radicals with Hie exception of H op- 
tionally can be mono- or poly-substituted by halogen, tiydroxy, epoxy, 
amine, mercaptan, phenyl, phenol or benzyl groups and 

ls T is a mono- or dt- or oligosaccharide radical having up to 4Q gtycosldical- 
ly linked, optionally branched sugar radicate, the saccharide radical 
containing furanose and/or pyranose rings and containing 5 to 23 D car- 
bon atoms and being N- or O-glyoosidically bound bo polypeptides. 

20 The preferred meanings in the above general formula (1) are as follows: 

R3. R4 and R5, which can be 1he same or different, each represent hydro- 
gen, a linear or branched alfcyl radical having 1 to 7 carbon atoms; a linear or 
branched alkenyl radical having 3 lo 10 carbon atoms; a Icnear or branched aF- 

*5 kinyl radical having 3 to 10 carton atoms; an etkenyl or alkinyl radica* having 2 
or more double bond? and triple bond$, respectively, and having 7 to 12 carbon 
atoms; a phenyl radical; a linear or branched, Bafuraied or mono- or poly- 
unsaturated acyl radical (-COR1) having in total 1 to 7 carbon atoms, in par 
Ocular an acety? radical. Including mono* or poly-hydraxylated analogues the* 

3 0 reof; an aroyl radical having 6 to 10 carbon atoms; a carbonylarnide radical of 
forcn.Uta -CONH2 or -CONHR1 ; a linear or hranched, saturated or mono- or po- 
lyunsaturated Ihioacyl radical (-CS-R1] having in total 1 to 7 carbon atoms; or 
' a Ihiocaibamlde radical of formula -CS-N H2 or -CS-N HR-j; 
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where R } each represents hydrogen or a linear or branched, saturated or mo* 



mono- orpoly-substltutetJ by fiuorlna, chlorine, bromine or iodine, hydroxy, 
s epoxy, amine, inercaptan, phenyl, phenol or benzyl groups. 

According to a further preferred eoYibodirrujntof the invention In general formula 



10 T represents a saccharide radical having an N-glycsn structure of formula (la) 



20 

where: 

Gal e galactose, 

GN s N^ac$tyl-D^!ucosainlne, 

M - D-mannose, 

2 5 FUC = fuC05E, 

Asft = agparagine, 

X = any amino acid with the exoeption of profine, 
Thr- threonine, 
Ser- serine, 

30 • « attachment site of T (1 to 6 mol ecuJe rad icafe] , 

\n which both peripheral radicals M can he suhstlluted by 1 to 3 trisaocharide*; 



no- or poly^unsafuratEd alkyl radical having 1 to 20 carbon atom? and where 
each of the above-mentioned radicals with the exception of H optional!/ can be 




Guilt, gel-*- 
Gtf^ii- Gal-* 
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or T represents a saccharide radical having ar> 0-glycan structure of formula 
(lb): 



part of 
apory- 
peptide 
chain 



L - 



or Thr 

J 



10 



o - cai - polysaccharide 
or 

NAcGft 1 
Or 
xyl 



(lb) 



where: 

Gal = galactose 
15 Thr * threonine 
Set = serine 
Xyl = xylose 

NAcGa! = N -acetyl-galactosatnine 
* - attachment site of T. 

20 

where in the above formulae (ia) and (lb) galactose (Gal J can be replaced by 2- 
deo^-galsctossepra-ieoxy-a-halida {F, CI, Br, l}-ga?actose. 

tn particular. tfrtanT represents z saccharide radfeaf having an N-glycan 
25 structure or represents a saccharide radical having an O-glycan structure, then 
GN preferably represents a radical of general formula (tl): 



30 




(ID 
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wherein R'i , R2 and R3 have the meanings given above, R 0 has the same me- 
anings as R2 and R3 and -NHRS besides (he equatorial position can also oc- 
cupy an axial position and wherein furthermore -OR2 can occupy the axial po- 
sition if -NHRS eakes an equatorial" position, and wherein one or mora or all of 
5 the groups -OR^ -ORa, -ORe and/or the free OH group can be acylated by a 
linear of branched, saturated or mono- or polyunsaturated acy! radical (-CO- 
Rt) having in total 1 to 20. especially 1 to 7 carton atoms, and preferably can 
be acyfated by the acetyl radical (-CO-CH*); including aii mono- or poly- 
hydroxylatod analogues thereof. 

10 

The above mentioned radicals Ri to R 6 preferably represent H or CH3 or (Or 
C 7 )-acyt, especially acetyl. 

In the MHR'-j-group R'i preferably represents a (CyC 7 )-acyl radical selected 
15 from the group consisting of propanoyl, isopropaaoy). pivaloyl and pivanoyl 
(tert-butyl-carhonyfy respectively, cyclopropanoyi, bulanoyl, pentanoyt, hexa- 
noyl, heptanoyl, crotonoyl and laevulinoyl, and/ore (Cs-C/J-hydrccarbyl radical 
seeded from the group consisting of propyl, isopropyl, pivalyl and tert-butyt, 
respectively, cyclopropyl,-butanyj, pentanyl, hexanyl, heptanyl, crotonyl and 

2 a laevufinyk including the mono- or poly-hydroxylated and/or -ketylatad analogu- 

es thereof. 

The above-mentioned novet compounds of the invention exhibit an altered, 
especially longer, phairnacottnetics, compared wiih the biological halMJfe time 
25 of the oonresponding s already known and commercially avaKable natural 
(native) glycoproteins having R'i = acalyf. 

The novel compounds of the invention preferably are 
■* 

3 0 recombinant glycoprotein , especially a recombinant human glycoprotein (rh 

glycoprotein}, preferably rti difterenllefi on factors, in particular rh erythropoietins 
ih qcwAh factors, In particular rh CSF (co5ony*stimulaling-factor), rh GMCSF 
(gran ul ocy tes-monocytes-stimu!atl rfg-factor)- 
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rt\ thrombolytic agents, In parttaular fh ttreu^tasminogeri^efivator (tPAJ and 
rh urokinase; 

rt> thromboprophylactic agents, in. particular rh antithromhln III; 
rh coagulation factors, io particular rh factor VIII and rh factor IX: 
s rh interferon*, In particular rh and ^interferons; and 
rh mterteukins, in particular rh IL-2. IL-15, fL-18 and IL-17. 

The aboved-deflned novel recombinant glycoproteins, especially rh glycopro- 
teins, of the Invention are novel classes of substances which can be used a$ 

io potent active ingredients for the treatment of diseases where cells of the speci- 
fic and unspecific immune' defense, tumor cells, leucocytes, thrombocytes and 
endothelial cells oF blood vessels are involved. The novel compounds of the 
invention can specifically act via a mod ula lion of the reoeptors on membranes 
which are involved in the regulation oF the growth and the differentiation as well 

15 as the adhesion of cells of the immune system, of tumors and blood vessels. 
An immunostimulation is necessary in therapeutic processes for mfedious and 
tumor-related diseases. Furthermore, Ihe novel compounds of the invention 
inhibit Ihe adhesson of leucocytes or tumor cells at the endothelial cells of blood 
vessels in the case of a septic shock ormetastatte- The administration applies 

20 on of these substances can be made in a dearly lower dose due to their longer 
biological half-fife. By.usinQsucb derivatives the monosaccharide radical the- 
reof is acylated, especially acetylaied, at the OH-groups the dosage can be 
further reduced to about half of the dosage, Tfte novel recombinant glycopro- 
teins of ilie invention can afeo be used as stimulating agents for cells of foe 

2 s Immune system. Thus, a substantial enforcement of the Immune system of Im- 

mune deficient organisms is possible. They are characterized by a high cell 
specilHy and low up to completely missing side effects as well as by a hi$h 
stability, especially a high biological stability. _ _ s 

3 rj In the Mowing the invention is explained In detail by referring to the specific 

glycoprotein rh erythropoietic however, without being limfted thereto. Of cour- 
se, the following statements also appSy to the other, aboved-me^tfoned novel 
recombinant glycoproteins of the invention as wilt be obviou$ to any skilted ex- 
pert. 



35 
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Huitien erythropoietin (EPO) is a glycoprotein having 1 66 amino acids, 3 sites 
of glycosyisSon at the positions 34, 3a end 63 of the amino acid and a molecu- 
lar weight of from about 34 OQO to 38 000, The proportion of the glycosyl side 
chains of the molecular weight is about 40 % {see Jacobs et al, "Nature 1 ' 313, 
5 606-809 (1985); and Dordal et a!, ^Endocrinology" 116, 2293-2299 (1 9B5)}. 
EPO Is formed in the kidney and is transported to its physiological site of acti- 
on, i.e. to the bone marrow, via the blood path. 

EPO can be isolated either from nafural sources (ike human urine (see for ex- 
1 o ample Miyake et al, "J. Biol. Chem," 2§2, 5558-5564 {1977)), of can be produ- 
ced by genetic engineering (see tor example EP-A-Q 148 605 and 0 267 676). 
Its physiological function consists in the stimulation of the erythropoieses, i.e. it 
stimulates the growth ahd : 1lie differentiation of erythrocytes precursors. It is 
used in a great extent as- a therapeutic agent far anemfa patients for post- 
z 5 operate patients and for patients being subjected to a homo-dialysis after a 
extirpation of a kidney. Primarily it serves for Uie therapy of renakelated ane- 
mia, i.e. far anemia caused by 3 restriction or a loss of the Junction of the kid- 
neys. The loss of trie function of the kidneys can have different reasons, for 
example low supply with blood. chronic innammatlon, traumata, extirpation, 
20 hepatorenal syndrome and dfelysi$ measures caused by these diseases. 

A process for Isolating EPO from human urine containing EPO is already 
known (see for example US-patent 1 66S 801). Since, however, the content of 
EPO in a usual human urine is extremely low and is In the order of about O.Ot 

25 to O.02 wt.% of the total proteins in the urine, it is difficult to produce EPO In an 
effective manner by this way. From EP 0 1 1 6 446 a process is already known 
according to which erythropoietin can be obtained In high purity and wherein a 
polypeptide can he used as an antibody. However, this document does not 
contain any indication of the obtainable yields and and moreover this, process is 

3 0 relatively difficult to be practiced. "~ 

Since several years the gene of human EPO Is known which could be isolated 
from a fetal liver-gen* bank and characterized. Since 1935 It is available for 
gene technologic experiments (see Jacobs et sJ, "Nature" 313, 605-609 
3 5 (1965)). EPO can be expressed in animal cells by using genetic engineering 
processes. 
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The nave* recombinant EPO of the Invention can (as also the other above- 
mentioned novel recombinant glycoproteins of Ihe invention) be produced by 
genetic engineering starting from a pure erythropoietin ohtained from an 
erythropoietin containing matenlaf having been recovered from cell culture 6U- 
s pernatanls. As culture cells eucaryotic cells, preferably animal cells, more pre- 
ferably noMnansformed or transformed CHO cells or COS7 cells or Nairn ceils 
or fibroblasts are used which are cultivated In a manner known per se in a 
usual culture medium, preferably in a FCS-, RPM1 1640-, HAT-, Eagte-MEIvK 
Dulbecxo-MEM- acvf/or Glasgav^MEM-medit/rn containing as glycan precursor 

io an N-(CvOr)-acylated and/or N-(C3-C?}-hydrocarbyl3ted monosaccharide for 
the biosynthesis end tha thus obtained rh EPO optionally is mono- or poly- or 
completely acylated and preferably acefylaled, respectively, at me OH groups 
of the monosaccharide part preferably by using a suitable acid anhydride, 
^specialty acetic acid anhydride, also In a manner known perse (eee 

IS <: Ojganfcum"). 

Subjecl-matter erf the present Invention is according to a further aspect a 
process for producing of the novel recombinant glycoproteins of the invention 
as defined above starting from a material obtained from ceil culture supema- 

2 o tants, the material containing one or more recombinant glycoproteins, especial- 
ly recombinant human glycoproteins, which process is characterized in that a$ 
culture cells eucaryotic ce]k, .preferably animal celfs, more preferably non- 
transformed or transformed CHO cells or COS7 cells or Nairn cells or fi- 
broblasts are cultivated in a manner known per se in a usual culture medium 

2 5 containing as a glycan precursor an N^Q)-C?}-acylated and/or NKCa,?)» 
hydrocarbylafed monosaccharide for the biosynthesis of amino sugars in a 
concentration of from 0,001 to 50 mM/l, preferably from 0.5 to 20 mM/l, at a 
tempe/ature of from 1 0 to40*C, preferably of 30 fl C, and at a pH of from 6.0 to 
fl.2, preferably of 7.2, and thai the thus obtained N-acyl derivative and 

30 hyctocarbyl derivative, respectively, of Che glycoprotein is separated and reco- 
vered In a manner known per se and that optionally the OH groupe and OR 
groups, respectively, of *he monosaccharide part art* mono- oder poly- or 
completely acylated, preferably acatylated, in a manner known per se by using 
preferably a suitahte acid anhydride, especially acetic acid anhydride. 
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As the culture medium preferably an FCS-, HPMI 164D-, HAT-, Eagle-MEM- t 
Dulbeoco-MEM- and/or Glasgow-MEM- medium Is (are J used. 

S As an glycan precursor preferably an N^C s -C 7 )nacyl- andfoc N-(Cj-C 7 )- 
hydrocerbyl-, especially N-propanoyf-, N-isoprapanoyl, N-pivsloyl- and N~ 
pivanoyl (N-tert-burylcarbonyl)-, respective^, N-cyclopiopanoyh N-butanoyl-, 
N-pentanoyh N-hexanoyl-, N-heptanoyl-, N-crotonoyl- hWaevuNnoyl-, and/or 
N-prdpyf-, N-isoprapyK W-pivafyl- and ISWeit-butyh respective^ N-CyclOpropyN 
io , N-buianyl-, N-penfeny]« N-fcexanyK N^epianyk N-cratonyh and N-laavuKnyf- 
D-gluoosartiine. H>galacta$am|n.e or -neuraminic add, preferably -D- 
mannosamlne, or a mixture thereof i$ (are) used. 

One of the important features oflhe process of the Invention consists in that a 
is cell culture medium is used containing as a glyca/i precursor an N-acylated 
monosaccharide for the biosynthesis of the amino sugars, tor example N- 
prapanoyl-D-giucoaamlrte or N-propanoyl-D-gslactosamfne, which are suitable 
to replace the N^cetyl-D-glucosamine or N-acetyl-D-gatactosamine or N- 
acetyl-neuraminic acid by N-propanoyi*D-gfucosam!ne or N-propanoyf-D- 
2 o gaJactosarriine or N-prnpanoyhneuraminic acid in the g!ycan chain of the EPO 
dissected from the cultur celts. As particular effective the direct precursors of 
the neuraminic acid have been proven, namely N-propanoyLD-rnannosamine 
or N-butanoyf-D-manncmniine or N-pentanoyF-D-mannosamine or N-hexanoyl- 
D-mannosarnine or N-cyclopropanoyf-D^nannos^mjne or a mixture of these 
25 sugars. The metabolism of these amino sugar analogues is known (see Kayser 
at al, "J. Biol. Chem." ££7, 1 6954-16938 (1992)) and is as foflows relating to N- 
propa noyJ«D-ma nnosamfne : 
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ATP- 



W-AcelyJmanrwsarajn e-kifiase 



FEPr 



A/-PtfpanDyl*iftwaminl<:*dd ^{?) 



/V-Acetyl.r\eurarti2rtlc*=id ^-phosptotas* 



• CTP- 



CM P- W- Acaty Uneuramfri ie acid-synlteafla 



CMP^-Propan^-neoiramiri ^ add 

-acceptor s "v 

^ Slalyltransferase 

Af-Propanoyfl*tiact ramSn ic acid^cwptcr + CMP 



The meanings in the above reaction* sequence are as fallows: 

30 ATP adenosine-triphosphate 

P£P phosphoonolpynjvate 

P phosphate' ■ 

CTP cytfdine-tripho$phate 

CM P cyf idine-monoph ospft ate 

3 s accaptgr a p roteln being prese rjt in a glycosylated state. 

For theglyeasytetion of the proteins- the following monosaccharides are nee- 
ded: N^cetyl-D^lucosamine, N-acetyl-D-galadosamlne. D-maonose, D- 
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galactose, L^ucose, N^cBtyl-D-mannosamine and W-acctyi-neuramfnlc acid, • 
which are tinted with each other in a typical ma/iner (see E. Buddecfce, 
•SSmndrtll der Btochernie", 9. edition, page 185ff. (1994)}. 

s The monosaccharides linked vucth each oth er to term o ligosaccharides 

(glycans) are connected ta the polypeptide either via the amino add asparagjne 
in the typical tri peptide sequence asparagine - any amino acid (wilh the excep- 
tion of proline) - serine or threonine or {^steine-N^glyDOsidicaHy (N-glycans) or 
they are linked with to each other O-glyDosidtaally via serine (O-giyeans), In 

10 these glycans N-scetyl-D^lutosarnine can be replaced by N-propanoyl-D- 
glucosamj'ne andtor N'SDelyl-D-galactosamme can be replaced by N- 
propanoyi-D-gatactosgiriine or ncmoEogaus compounds like N-isopropanoyh 
N-pivaloy]- (i.e. N-ten>buty1carbonyl)-, N-cyclopropanoyh N-butanoyh N- 
pentanoyh N-hexanoyh N-heptanoyK K-crotonoyl- or tsMaevufcinoyl- 

15 monosaccharide or the corresponding (Oj-C 7 }-hydrocafbyl derivatives. In the 
case of the terminal sugar N-acetyl-nauiammic acid it is replaced by the N- 

* propane^- or N-6utanoyl- or N-pentafloyl- or M-hexanoyl- or N-cydopropanoyl- 
or N-isopnopanoyl- or N-pivaloyf- or N-laevulinoyNneararninic acid. 

20 The EPO synthesized in and dissected from the cells, due to the introduction or 
one or more of these sugar analogues which can be added as single compo- 
unds of as ? mixture of compounds to the cell culture medium, exhibits a novel 
$tructuT© wherein the native monosaccharides are replaced by novel, chemical- 
ly modified monosaccharides. The thus obtained entire compounds are novel 

25 compounds. 

These metabolicaily modified novel erythropoietins posess novel biological 
properties, in particular they poscss a higher biological stabflify. At present this 
can be explained by the feet that it Is known tiiel glycoproteins contain terminal 

3fl N-acetyMeuraminfc add radicals which are Jinked with D-galactose (see A. 
Rosenberg /Biology of Sialic Acids", Plenum Press, New Yo* and London, 
pages 7-87 (1995)). TheJr function in this linkage is to be seen therein that they 
protect the galactose'againit a recognition by ceds and thetr galactose^spedfic 
receptors as has been shown by the experiments of G. Ashwell in the above- 

35 m ention ed Schau er document. When these terrmin ai galactoses In th e glycapr o- 
teins have been recognized, the recognized gtycoproteJns, thus no more con- 
taining N-acetyl-nsursminJc acid, are subjected ta the Intracellular deDamposJH- 
an> This N -acetyl-neuraminic acid which is essential to the biological stability is 
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subjected to an natural turnover- (Lis essentially determined by the specie 
rveuraminkfases (or sialydases} splitting off the M-acefyl-neur^mlnlc acid, Thia 
results in a growing aid of these glycoproteins and they are subjected to the 
natural decomposition. For developing IheirfuH activity these neuraminidases 
s need the N-acetyl group in 1he N -acetyl-neuraminic acid . 

In lhe novel EPO compounds of the invention the natural N-scety* group is re- 
placed by homotogaus N-(CrC ? >acyl groups and/or homologous N-(CrC 7 > 
hydrocarhyl groups e*g. by the N-propanoyl group. But also the above^ 

io mentioned further N-acyl- and l^hydrocarbyi; groups are effective replacement 
groups. The replacement of the N-acelyMeuramlnic add by the above men- 
tioned homologous N-acyl compounds and N-hydrocarbyl compounds, re- 
• spectivety. result in a lowcrt affinity of the neuraminidases to these modified 
N-ac>1- or Mydrocar by I- neuraminic acids< Therefore, the modified neuraminic 

15 acid is split of in a far lowert rate, it is longer connected to the hydroproteln and 
can longer carrier out the desired functton of protection. Therefore, the glyco- 
protein Is biologically more stabile- This means that parenteral^ administrated 
EPO which has been modified as described above can remain for a longer pe- 
rioid in the organism. Therefore, it is longer active. The dosage of EPO cao be 

2 0 reduced since the modified EPO of the invention exhibits the same brologicat 
activity <n regard to the stimulation of formation of new blood as the native 
EPO. Furthermore, the modified EPO of ehe invention is more stabile. 

The above description of the biologies* mechanism occaring during the Torma- 
2 s tlon and administration of rh erythropoietin of course also applies to the other 
recombinant glycoproteins of the invention, Lc, to the above-mentioned coag^ 
taiion factors, interferons, intBdeutfns, growth Actors, thrombolytic agents and 
thiomboprophylactic ao.ersts. 

30 According to a further aspect the ptesent Invention retetes in particutaf to the 
fallowing compounds: 

recombinant human erythropoietin (rh erythropoietin) for me treatment of ane- 
mia, wherein the natural N-acetyl group of the giyoan radicals, especially of the 
25 terminal N-acetytaeuramlnio acid radicals, are replaced by an N-(C a -C> J-acyl 
radical selected from the group consisting of N-propanoyl, N-isopropanoyl, N- 
pivaloyland N-pivanoyl fN-tert-butylcarbonyS), respectively, N-oyclopropartoyf, 
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N-butanoyl. N-pentanoyi, N-hexanoyl, N-heptenoyf, N-crotonayl and N- 
laevulinoyl, end/or by an N-fCrCjJ-hydrocarbyl radical selected from the group 
consisting of N-propyl N-i$Opropyl, N-pivalyl and M-lert-bulyl, respecttveEy, N- 
cyclopfopyl, N-butenyl« N-pentenyt, N-hexany), N-heptenyl N-crotonyl and 
5 laevulinyf: indudcng the mono- or poly-bydraxylated and/or -ketylated analogu- 
es thereof. 

The novel rh erythropoietins otlha Invention preferably contain a glyca* radical 
which is selected fromth* group co ousting of: 
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4 

NwA^-JQatfl-tGkKAtf I N 
NcoAcrt-aC^-^OkKA^-JGilfl-^WiA^-SMaiMi w 

Mi^-^pNA^MGkKAi (c) 
Mai#-4G8cNAtfl-4ClcNA<: (d) 

rfwAca2-3g^i-<GlrNAitfi ^ 4 

M^1^4C1cnac^-«3IcKAc (e) 
NeuAcrt-3G^-*4<3kNA<tf] -ZMaiwt ^ ? 

KEoAcfli-JGiVl^GlcNAc^ 
fcitoJAcfl2-30tJ^ J -4GteNAeJ1 ^ 

^l-<GkNA^l-<GWAc (f) 

NettActfl-SC^l-^cNAc/e-aMMttf ' 
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Nc*Aad-3CWJl-4GlcNA#1 ^ 

B 



.✓ 4 



Gatfl-^GIcKAtfl'' 

■fl 

N«HAco? - JG^ft -AGfeNAcpf -3<;»r/ft -^GieKA^I -2M«*0t n ^ Fue^-C^ 

KHtfWOIeNAjtfl-^GIcNA* (l) 



s 3 



Min/ft-4GlcNAc0l-4<3U:NA<: Cl) 

Mac* I -*3W<Atf l^AGUNAc ' (™) 
^3 

CaJtft-40lcKAtfl-2N4«uil 

Mdi^t-4GUKA^l->4Gt=KAc (fl) 
G&tfl -<4G*tfAc£l -2M anal 
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NcaAfia3-3Wl^«3WA<^-aMuwl face! -6^ 

Mtrft ~*CfctfAcjH ~4CfcN A* ft) 

Gi|£l-<GictfAc£l 

M«tf-<C1tNAtfi-4G!cNAt {lj 

GHtfl'-4QWA<tf I ^ 



Min/n -4GlcNAtfl-4CUttfA< 
/I 

Mac* I UjtfA l-4Gl?NAc 

CaA/l—lOlcMAVl-JMw 1 



(ft 



.(nO 



3 



^4 

eJl - 



<jatfl-4C|eNAc0l^ 
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valyfl and tert-butyf, respectively! cyclo propyl, butanyt. pert any), hexariyi, hep- 
tanyl, crotonyl and faevulinyl; induing the mono- or poly-ftytfcoxylated andfor - 
ketyiated analogues thereof; 



3 rh th«>rnboprophyi3ctic agent, especially ift antilhrornUn HI, for the prophylaxis 
of the formation of thrombi, wherein Uie natural N-aoetyl group of the glycan 
radicals, espedally of the terminal N-acetylne uremic add radicals, fe replaced 
by an N-(C r C 7 )-acyt radrcal selected frgm the gnoup consisting of N-propenoyl, 
N-isoprnpanoyf, N-plva|oy*and N-pivanoyl (N-lert-butyfcarbonyl), respectively, 

10 N-cydopropanoyl, N-bulanoyl, N-pentanoyl, N-hexanoyl, N-heptanoyi, N- 
crotonoyl und N-iaevglinoyl. and/grby an N-fCj-Cr^hydrDcarbyr radical se^ 
lectetf From the group consisting of propyl, isopropyl, pivalyl and tart-butyl, re- 
spectively, cyclopropyl, butanyl, pe/itanyl. hexanyJ, heptanyl, crotonyl and lae- 
vulinyl; inducting the mono- or. pofy-hydroxylated and/or -kelyfeled anaJogues 

15 thereof 

rh coagulation factors, especially rti factor VI If and/or rh factor IX, for the treat- 
ment of disorders of the coagulation system due to an inherited or acquired 
deficiency of factor VI J I andfor factor tX. wherein the natural N-acelyJ group of 

20 fte glycan radicals, especialfy of the terminal N-acetylneuramlnic add radicals, 
te replaced by an N-(Ca-C7}-acyf radical selected from the group consisting of 
N-propanoyf, N-jsopropanoyl, N-pivaJoyl and N-pivanoyl {N-tert-butylcaroonyf), 
respedlveJy, N-cyclopropanoyl. N-butanoyl, N-pentenoyl, N-hexanoyl, M- 
heptanoyf, N-Cfotonoyl and N-laevulinoyi, and/or by an N-fCa-CyJ-hydrocarbyl 

35 radical selected from the group consisting of propyl, isopropyS, pivalyJ and tart- 
butyl, respectively, cydopropyl, butanyl, pentanyl hexanyl, heptanyl* crotonyl 
and laevuHnyt; Including the mono- orpoJy-hydroxylatad and/or-ketyla&ed ana- 
logues thereof. 



3 0 rt\ interferons, especially rfi o-inferferon compounds, for the treatment of ma- 
lignant tumors, especially mefanoma, and of ayholmmuna diseases, wherein 
Uie natifrai N-acetjrt group of the glycan radicals, especially of me terminal N- 
acetyl neuraminic acid radical «re,Tepaoed by ah N^Cj^Jnacyl radical se- 
lected from the group consisting of N-propanoyt, N-isopropanoyl, N-pivaloyl and 
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N-pivanoyl (Nl-tert-bulylcarbonylJ, respectively, N-cyclopropancyl, N-butanoyl, 
N-pentanoyl, N-hexancyl, N-heptanoyi, N-crotonoyT and N-laevulinoyl, and/or 
by an N-(C 3 -C7)-hydiTocarbyf radical selected from the group consisting erf pro* 
pyt. isopropyl. pj v $|y[ and fertbutyl, respectively, cyctopropyl, butanyl, pentanyl, 
s hexanyl, heptanyl, crotonyl and laevgliny); Including tbe mono- or poly-hydroxy- 
lated andfor-ketyteted analogues Ohercof; 

rh interferons, especially rh Q-fcnlerferon compounds, for the treatment oJ ail 
forms of multiple sclerosis and viral diseases, above all of viral hepatitis B, viral 

iq hepatitis C, viral hepatitis D and viral encephalic wherein the natural N^acetyl 
group of the glycan radicals, especially of trie terminal N -acetyl neuraminic acid 
radicals, is repfsced by an N-tCa-CjJ-acyl radical selected from the group con- 
sisting of N-propanoyl. N-isopropanoyi, N-pivaloyj and N-prvanoyl (N-lerf^ 
butyl carbonyl), respectively, N-cydapropanoyJ, N-butanoyl, N-pentanoyl. N- 

is hexanoyl, N-heptanoyl, N-crotanoyl and N-taevulinoyl, and/or by an N-tCa-G?)- 
hydrocarbyl radical selected from the group co/wlsting of propyl, Isopropyi, piva- 
lyl and ten-butyl, respectively, cycloprapyl, butanyl, pentanyl, hexanyl, heptanyl. 
crolonyl and laevulinyl; including the mono or poly-hydraxylated andfor 
-ketyteted analogues thereof 

20 

rh interferons, especially rh y-lnterferon compounds, for the treatment of ma- 
lignant tumors, of viral hepatitis B> viral hepatitis C, viral hepatitis D and viral 
encephalilis, wherern the natural N-acetyl group oMhe glycan radicals, espe- 
cially of the terminal N-acetylneuraminic acid radicals, is replaced by an N-(<V 

25 C7}-acyl radical selected from the group consisting of N-prapanoyl, N- 

isopropanoyl, N-pivaloyl and N-pivanoyl (N-tert-butyicarbonyi), respectively, N- 
cyclopropanoyl, N-butanoyl, N-pentanoyl. N-hexaneyl, N-heptanoyl, 
crotonoyl and N-laevulinoyl. and/or by an N-fCi-CyJ-hydrocarbyl radical se- 
lected from the group consisting of propyl, feofwopyl, pivalyl and tert-butyl, re- 

30 sportively, cyclopropyl, butanyl, pantanyl, hexanyl, heptanyl, crotonyl and (ae- 
vulinyl; including the mono- or poly-hydroxylated and/or -ketylaled analogues 
thereof; 
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rh rnterleukins, especially rh IL-2, rh IL-15, rh IL-16 and rh IL-17, for the Ineat- 
ment of malignant metestasing tumors, especially of melanoma, wherein the 
natural N-acetyl group of the gjycan radicals, especially of thetermlnaf N- 
scetylneurantinlc acid radicals, te replaced by an N-(Cj-C7)-acyl radical £e- 
s lectad from the group consisting of N-propanoyl, N-iaopropanoyl, N-pivatoyl and 
N-pivanoyt {N-tert-butylcgrbonyl), respectivcfy, N-cyclopropanoyl, N-butanoyl, 
N-pentanoyl, N-hsxanoyl. N-heplanoyl, N-crotonoyl and N-laavulinoyl, andior 
by an N-tCj-CrJ-hydrocarbyl radical selected from the group consisting of pro- 
pyl, Isop/opyf, pivalyl and tert-buty I, respectively, cyctopropyl, bufcanyf, pentanyl, 
10 hexanyl, heptenyl, crotonyl and laevulinyt; including the mono- or poiy- 
hydroxylated andfor -ketylated analogues thereof. 

The novel compounds of the Invention are in particular those wherein (he natu- 
ral N-aoety| group of^arjettyl-D-gtocasamine has been partly or completely 

15 replaced by N-propanoyl or N-cyclopropanoyl or N-isopropanoyl or N*pivaloyl 
a nd N-piva noyl {N -lert-butylcarbonyl), respectively, or N-bu lanoy( or N- 
pectanoyl or N-hexandyi by a biochemical modulation (biochemical engi- 
neering) by the addition of the corresponding N-acyf-D-glucos amine or N-acyl- 
D-gatactosarrtine or N-acyl-neuramirtic acid derivative, especially of the N-acyl- 

20 D-mennosamine derivative, to a culture medium in a final concentration in Ihe 
medium of from 0.001' to 50.0 mW, especially from 0.5 to 20 rnM r particularly 
from 0,5 to 5 ipM 4 where in the said culture medium D^lucose can be partly or 
completely replaced by D-galactose; and 

25 especially those wherein Ihe natural D-gatactose has been parfiy or completely 
replaoad by 2-deoxy-D-galactose by a biochemical modulation (biochemical 
engineering) by the addition of 2-deoxy-D-gafactose to the culture medium in a 
final concenlrattoft in the medium of f/om 0.001 to 50 mM, particularly from 0.5 
to 20 mM. especially from 0.5 to 5 mM. 

3D 

According to a farther aspect the present Invention relates (o pharmaceuKcal 
compositions containing, as an actfve ingredient, at least one rh glucosamine 
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as defined above, optionally in combination mit other active ingredients and 
U6uat phamiaceytical vehicles anoVor excipients. 

Praferahly the pharmaceutical compositions of the invention contain, as an 
5 active ingredient, one or more recombinant glycoproteins, especially recombi- 
nant human glycoproteins, or a mixture of differently modified N-(Cj-C*)-acyl 
and/or N-(Ca-C7)-hydroC&toyl tterivaEves thereof. 

The pharmaceutical compositions of the Invention contain the active rh glyco- 
10 protein ingredient which is preferably mono- or poly-^cyteted, especially - 
acetyLated at the monosaccharide part, preferably In en amount of from 0,Qd1 
1o 50 wM6 f preferably of from 0.1 to 20.wL%, especially of from 2 to 10 wt.%. 

Particularly preferred pharmaceutical compositions or the invention are those 
15 which contain as an active rh glycoprotein ingredient: 

recombinant human erytftropoleBn or derivatives thereof as defined above; 

rh growth factors, in particular rh CGSF end/or rh GMCSF as defined above: 

20 

rh thrombolytic agents, in particular rh tPA or rh urokinase as defined above; 

rh thrornboprcphylactlc agents, in particular rh antfthrombin IN, as defined abo- 
ve; 

25 

rh coagulation factors, inparticuter *h factor Vm and/or rh factor IX, as defined 

above; 

rh interferons, In particular rh a*, (V and ^-interferons, ae defined above; or 

rh Inte/teukins, in particular rh 11-2. fh IH5, rh IL-16 and rh IL-1?, a$ defined 
above. 

According to a further aspect the present invention relates to 

the use of recombinant human erythropoietin and its derivatives, as defined 
above, for the treatment of 
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anemia, especially anemia related to renal diseases,* In a dosage of "from 0.001 
to 200 mg/kg of body weight, 

the usb of the rti growth factors, as defined above, for the treatment of disea- 
5 ses of the blood cells formation system, especially of agranulocytosis or Ihrom- 
bopenla, above all for the stimulation of the growth of white Wood cells. In par- 
ticular of lymphocytes, granulocytes and monocytes, in a dosage of from 0,001 
to 1 .0 rng/kg of body weight; 

10 the use of rh thrombolytic agents, as defined above, for the treatment of 

thrombi or for the prophylaxis of the formation of thromW in a dosage of from 1 
to 200 mg/kg of body weight, preferably from 50 to 100 rog/ko, of body weight; 

the use of rh thromboprophy tactic agents, as defined above, for the prophylaxis 
15 of the formation of thrombi in a dosage of from 1 to 200 mgft q of body weight, 
.preferably of from 50 to 100 mg/kg of body weJght; 

the use of the rh coagulation factors, es defined above, for the treatment of di- 
sorders of the coagulation system due fo an Inherited or aoqufred deficiency of 

2 o factor VIII and/or factor IX, in a dosage of from 0.001 to 200. preferably from 

0.1 to 50 mg/kg of body wefght 

the use of rh o>inlerferons. as defined above, for the treatment of malignant 
tumors, especially of melanoma, and of autoimmune diseases In a dosage of 
25 from O.O01 to 1 D yg/k$, preferably from 0,01 to 0.1 jjg/kg of body v/eighc 

(he use of rh G-interf erons. as defined above, for the treatment of an fonps of 
multiple sclerosis and of viral diseases, above ail of viral hepatitis 0, viral he- 
patites C, viral hepatitis D and viral encephalic. In a dosage of from 0.001 to 10 

3 o vg/kg. preferably from 0.01 bis 0.1 yg/kg of body weight; 

the use of ch -^interferons, es defined above, for the treatment of malignant tu- 
mors, of viral hepatitis 6, viral hepatitis C. viral hepafltte D and viral encephalitis 
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in a dosage of from 0,001 to p.1 pg/k&. preferably from o.01 to 0.1 pg/kg of bo- 
dy weight and 

she use of rh intartoirkins. as defined above, for the treatment of malignant 
S metaste$ing tumors, especially melanoma, In a dosage of from 0,001 to 200 
M(kQ of body weight 

The rti tfuuopjoteln* of the invention are preferably administered in a form the 
monosaccharide part thereof being mano-orpoly-scylated, preferably 
m *acetylafed< at the OH group* and OR group*, respectively, where in fhi$ case 
the dosage of ihe correspondingly acylated and aoetyfated, respectively, deri- 
vatives can be reduced to half of Ihe dosages men Honed in connection with (he 
above preferred uses. 
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BfcQOMBINANT GLYCOPRO TEINS, METHOD FOR THE PRODUC E! 
THEREOF. taEoaCAMEflT* ^ OttTAIHIKG SAID GLYCOPROTE IN AWn 

USE THEREOF 



Abstract 

The Invention rentes io novel recombinant glycoproteins mat act as messenger 
substances, signaling substances, promoters, stimulators and initiators in a 
multitude of ways in the animal, especially human, circulation system. The in- 
vention also refates to a method for the production thereof, phaimaceutlcal 
agents containing said glycoproteins and the uso thereof. The invention more 
particularly relates to novel recombinant human glycoproteins (nh gtyoopro- 
teins), preferably novel rh differentitatlon factors, especially rh erythropoietin; 
novel in growth factors, especially rh CSF (oolony stimulating factor), rti 
GMCSF (granulocyes monocytes stimulation factor); novef rh thrombolytic 
agents, ospacislly ih tPA (tissue pla$minogen activator) and rth urokinase; n o- 
vol rh thTornboprophylacKc agenfc, especially rti antithrombin 111; novel rh coa- 
gulation factors, especially rh factor Vfll and rh factor IX; novel rti interferons, 
especially rh a. ft antf y interferons; and novel rti mterleukJns, especially rti IL-2, 
IL-T5, IL-16 and IM7. The invention further refates lo a method for the pro- 
duction of said fiub$tances-, pharmaceutical agents containing Ihern and to the 
use thereof. * - 
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1 , FteoombJriant glycoproteins having the general famula (!) 



COQH 



10 




3,5 whereln; 

RS is a linear or cyclic, unbranched or branched, optional mono- or poly- 
hydrtttylated and/or -ketyMm (C a -Cy).acyl radical, in particular (GrC 7 )- 
afkanoyl radical or a linear orcytiic, unhranched or branched, optionally 
20 mono- or polyhydroxyJated and/or ^ketyfated (C 3 ^>hyxtocarbyr radical, 

in particular (Cj-c^aJkyl, -alfctenyl or .alkinyl radical; 

R4 Rs. which can be the same or dffiferent, eacft are hydrogen, a 
(inear or torched alkyl radical having 1 to 20 carbon atoms (C n H2n+2 

as n = 1 to 20); a linear or branched alkenyl radical having 3 to 20 cartoon 

atoms (C n H2 n : n - 3 to 20. the positfon of the double bond at C a ii at n 
- 2 to t9); a linear or branched alkinyl radical having 3 to 20 carbon 
atoms (C n R2 n .2. ti - 3 to 20, the position of fhe triple bond at C n « at n 
=^2 to 19); an alkenyl or alkinyl radical having 2 or more double bonds 

W and lifple bonds, respectively, and has/fog 4 to 2D carbon atoms; an aryl 

radical having 6 to 20 carbon atoms; a linear or brandied, saturated or 
mono- or polyunsaturated ecyl radical (-CO-Rf) having in total 1 to 20 
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